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ABSTRACT 

Ultra wideband (UWB) that occupies the range of (3.1-10.6) GHz was 

proposed due to the progressive need of high data rates for modern applications and 

lack of bandwidth in lower frequencies. UWB systems have become fundamental in 

high speed wireless communications that are used for short range indoor applications 

due to their features such as low power consumption, small size, and low cost. 

Antennas are essential part of the UWB systems, especially planar antennas because 

they can be fabricated easily. But an electromagnetic interference may occur due to 

the existence of narrowband systems like wireless local area networks (WLANs) that 

operate at 5.8 GHz which is inside the UWB band. Therefore, UWB antennas should 

also avoid those frequencies in order to obtain more efficient operating system. Thus, 

special structure known as electromagnetic band gap (EBG) structures can be used as 

band rejecter in order to reject the interlaced band. This project focuses on EBG 

structures and how they can be incorporated with UWB antennas. Firstly, a new planar 

UWB antenna structure that operates at UWB frequency range (3.08-10.7 GHz) is 

presented using half ground plane method. The antenna achieved a peak gain of 5.26 

dB. Moreover, it exhibits a radiation efficiency of higher than 74% over its bandwidth. 

Then, a study is conducted on EBG mushroom-like shape using suspended 

transmission line method.  Next, a new EBG structure that operates at 5.8 GHz is 

proposed. Shortly after, the designed structures are incorporated together to perform 

the intended function of an UWB with a gap at 5.8 GHz. The new structure has a notch 

of 0.7 GHz in terms of (S11≤-10 dB), whereas the rejected band is 0.18 GHz. 

Additionally, outside the rejected band, the performance of the UWB antenna was not 

much affected by adding the EBG. In fact, excluding the notch, the antenna bandwidth 

increased to cover the range from 2.91 GHz to 11 GHz. FR4 substrate with (𝜀𝑟 = 4.3) 

is used for all designs. Simulations are conducted using CST software, and all the 

results are presented into graphs and tables.     



vii 

ABSTRAK 

Jalur lebar Ultra (UWB) yang menempati batas (3.1-10.6) GHz dicadangkan 

kerana keperluan progresif kadar data yang tinggi untuk aplikasi moden dan 

kekurangan lebar jalur pada frekuensi yang lebih rendah. Sistem UWB telah menjadi 

asas dalam komunikasi tanpa wayar berkelajuan tinggi yang digunakan untuk aplikasi 

dalam jarak dekat kerana ciri-cirinya seperti penggunaan kuasa rendah, saiz kecil, dan 

kos rendah. Antena adalah bahagian penting dalam sistem UWB, terutama antena 

satah kerana ia dapat difabrikasi dengan mudah. Tetapi pertindihan elektromagnetik 

mungkin berlaku kerana adanya sistem jalur sempit seperti rangkaian kawasan 

tempatan tanpa wayar (WLAN) yang beroperasi pada 5.8 GHz yang berada di dalam 

jalur UWB. Oleh itu, antena UWB juga harus mengelakkan frekuensi tersebut untuk 

memperoleh sistem operasi yang lebih cekap. Oleh itu, struktur khas yang dikenali 

sebagai struktur elektromagnetik selar jalur (EBG) dapat digunakan sebagai penolak 

jalur untuk menolak jalur yang saling berkait. Projek ini memberi tumpuan kepada 

struktur EBG dan bagaimana ia dapat digabungkan dengan antena UWB. Pertama, 

struktur antena UWB satah baru yang beroperasi pada julat frekuensi UWB (3.08-10.7 

GHz) dipersembahkan menggunakan kaedah satah separuh bumi. Antena mencapai 

gandaan puncak 5.26 dB. Tambahan lagi, ia mempamerkan kecekapan radiasi lebih 

tinggi daripada 74% sepanjang lebar jalurnya. Kemudian, kajian dilakukan pada 

bentuk EBG mirip-cendawan dengan menggunakan kaedah saluran penghantaran 

yang digantung. Seterusnya, struktur EBG baru yang beroperasi pada 5.8 GHz 

dicadangkan. Sejurus kemudian, struktur yang dibina digabungkan bersama untuk 

melakukan fungsi yang UWB dengan jurang pada 5.8 GHz yang diperlukan. Struktur 

baru memiliki takik 0.7 GHz dari segi (S11≤-10 dB), manakala jalur yang ditolak 

adalah 0.18 GHz. Tambahan lagi, di luar jalur yang ditolak, prestasi antena UWB tidak 

banyak dipengaruhi oleh penambahan EBG. Sebenarnya, tidak termasuk takik, lebar 

jalur antena meningkat untuk meliputi julat dari 2.91 GHz hingga 11 GHz. Substrat 

FR4 dengan (𝜀𝑟 = 4.3) digunakan untuk semua reka bentuk. Simulasi dilakukan 

menggunakan perisian CST, dan semua hasilnya dipersembahkan ke dalam grafik dan 

jadual.  
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CHAPTER 1  

 

 

INTRODUCTION 

1.1 Background of The Study 

The progressive need of new technology in communication systems to meet 

the demand of people as the old frequency ranges were insufficient for the number of 

users and their applications which require high data rates, led to the revelation of a 

new frequency spectrum that is called “ultra-wide band” (UWB) [1]. This band covers 

the range from 3.1 GHz to 10.6 GHz, stated by the federal communication commission 

(FCC) on 2002 [2, 3]. The design of antennas suitable for UWB became significant 

topic for researchers and various studies were inducted regarding these antennas. UWB 

antennas became very popular in recent years due to the many advantages they offer. 

Many developments have been achieved in UWB technology in last few years. 

However, some challenges are still available in this technology which are still 

noteworthy. The most common challenge is the design of UWB antenna. The antenna 

must be able to transmit and receive signals efficiently and accurately over its allocated 

bandwidth. The main challenge in designing an UWB antenna is obtaining the 

extremely large impedance bandwidth while maintaining high radiation efficiency 

over the entire bandwidth. An UWB antenna must be able to operate over the 

frequency range of 3.1 GHz to 10.6 GHz. Thus, UWB antennas must achieve an 

impedance bandwidth of 7.5 GHz. The high radiation efficiency is also imperative in 

UWB applications to ensure fulfilling the required transmission power spectral 

density.  Therefore, excessive losses in antenna should be reduced in order to make the 

radiation efficiency as high as possible. Conduction and dielectric losses are very 

crucial in UWB antenna. Thus, they should be minimized for the purpose of 

maximizing the radiation efficiency, because the transmission power spectral density 

of UWB antennas is extremely low. Consequently, any amount of loss incurred by 

UWB antenna could affect the operation of the system. 
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Next, the UWB antenna needs to attain a constant group delay through its 

bandwidth. Group delay is obtained from the derivation of the antenna phase response. 

If the antenna achieves a linear phase response over its frequency range, a constant 

group delay will be resulted. This characteristic is substantial because it helps the 

determination of the quality of pulse transmission and to how extent it might be 

distorted or dispersed. So, UWB antennas must possess a non-dispersive characteristic 

in both time and frequency domains. It must also provide narrow, short duration pulses 

to improve the data rate. Additionally, the radiation pattern of UWB antenna is 

preferred to be omnidirectional because it provides freedom to the location of 

transmitter and receiver. Therefore, the half power beam-width must be maximized 

and the gain and directivity of antenna must be minimized. Another desired feature of 

UWB antenna is that it has a low profile and can be integrated easily with printed 

circuit board (PCB) [4]. Various types of antennas can be used for UWB applications. 

However, the main focus is on microstrip, and planar monopole antennas. These 

antennas are used with different matching techniques to enhance their bandwidth 

without degrading the radiation pattern properties [5]. Various matching techniques 

have been proposed, such as using slot [6], and applying partial ground plane [7]. The 

preferred UWB antennas are those that have low profile and cost while providing 

adequate performance in both time and frequency domains [8]. 

Planar monopole antennas are the most desired candidate for UWB application 

due to their characteristics such as small size, light weight, simple structure, easy to 

fabricate, and an almost omnidirectional radiation pattern [9, 10]. And due to the wide 

bandwidth of UWB systems, UWB antennas may suffer from an electromagnetic 

interference (EMI) with other narrowband systems such as wireless local area network 

(WLAN) based on IEEE 802.11a standard operating at 5.8 GHz band inside the UWB 

frequency range [11]. Therefore, UWB antennas must reject this band to eliminate the 

interference. One of the advantages of planar monopole antennas is their compatibility 

to be incorporated with electromagnetic band gap (EBG) structures for improving the 

performance. The design of EBG structures can be easily accomplished by using 

planar substrates. Due to their band gap characteristic, EBG structures are used as band 

rejecters in UWB antennas. 
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1.2 Problem Statement 

One of the serious problems in designing UWB antenna is fitting the size of 

the antenna for portable devices, because antenna size affects the realized gain and 

bandwidth. Planar monopole antennas are used to obtain UWB response with a 

minimal size and reasonable gain. Planar antennas such as microstrip are very popular 

in UWB application due to their many features such as light weight, low profile, and 

they can be easily fabricated and integrated with other devices [12]. However, this type 

of antennas has many drawbacks such as the excitation of undesired surface waves 

within the dielectric substrate which causes edge radiation [13]. This type of radiation 

increases the side and back lobes of the radiation pattern which are undesired in point 

to point communications. This increment in side and back radiation lobes decreases 

the gain of the antenna [14]. One of the techniques that can improve the antenna 

performance and reduce the effect of the surface waves is by incorporating the antenna 

with the EBG structure. From the literature, some of the works that have been on the 

surface wave reduction by using EBG structure are presented. In this thesis, another 

application of EBG structure incorporation with antenna is implemented and 

discussed.  

In this research, the design and development of UWB antenna will be presented 

and discussed. As previously mentioned, the operating bandwidth of UWB antennas 

is very large. Therefore, UWB system might encounter a possible interference with 

other narrowband systems working within the UWB frequency range, such as WLAN 

systems based on IEEE standard 802.11a which operate at 5.8 GHz frequency band. 

Although UWB antennas radiate signals at low power that is only -41 dBm/Hz, 

however, nearby systems can still present a source of interference. Consequently, the 

EBG structures are incorporated with UWB antennas in order to nullify this 

disturbance to make antennas operate more efficiently. The EBG structure will 

perform the role of a band rejecter in the UWB antenna without affecting the antenna’s 

radiation properties. Due to its band stop frequency range, EBG rejects the unwanted 

frequency bands within the UWB operating bandwidth. 
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1.3 Research Objectives 

The main objectives of this research are as follows: 

i. The design and simulation of a planar monopole antenna that covers the UWB 

frequency range from 3.1 GHz to 10.6 GHz with an omnidirectional radiation 

pattern and a reasonable gain. 

ii. The design and simulation of a mushroom like EBG structure that rejects a 

single band and operates at 5.8 GHz. 

iii. The incorporation of the designed antenna and EBG structure in order to 

enhance the operation of the antenna by rejecting the unwanted 5.8 GHz 

frequency band. 

1.4 Scope of Research 

This main focus points of this research are the design and analysis of UWB 

antenna and EBG structure, and their incorporation. The first part of this project is set 

to study the concepts of microstrip patch antenna, UWB antenna, and the EBG 

structure. Then in the second part, an investigation is made on the performance of the 

EBG structure, and the UWB antenna without and with the EBG. The investigation is 

performed by using CST simulation software. The UWB antenna is designed to cover 

the whole frequency range of the UWB band. The mushroom like EBG structure is 

designed to have its band gap at the unwanted frequency band which is 5.8 GHz. All 

simulation processes are done by using an FR-4 substrate with a dielectric permittivity 

(𝜀𝑟) of 4.3. The performance of the UWB antenna is concluded by examining the 

achieved return loss (S11), VSWR, gain, radiation efficiency, and radiation pattern. 

Whereas the performance of the EBG is done through checking the obtained 

transmission coefficient (S21), electric (E) and magnetic (H) fields, and surface current. 

Finally, comparison is made between the UWB antenna before and after adding the 
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EBG. The established comparison is made in terms of S11, VSWR, gain, radiation 

efficiency, and radiation pattern. 

1.5 Project Outline 

The outline of this project is as follows: 

In chapter one, the background of the UWB antenna is explained and discussed. 

the problem statements are mentioned and the gap of the thesis is shown, the objectives 

of this project are defined and set. And the limitations (scope) of the project are 

described.  

In chapter two, the literature review of this project is presented. The parameters 

to be considered in designing an antenna are described and demonstrated. The 

microstrip patch antenna and its types of feeding are explained. The planar UWB 

antennas and EBG structure are clarified. And previous done work is presented. 

In chapter three, the methodology of the project is elaborated. The flow chart 

of the project is introduced. And the designing process of UWB antenna and 

mushroom like EBG structure and the simulations are illustrated. 

In chapter four, the results obtained from simulations are displayed. The results 

of the designed UWB antenna and mushroom like EBG are presented and discussed.  

In chapter five, the conclusion observed after analysing the obtained results is 

presented. Moreover, suggestions about future works are mentioned.   
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1.6 Summary  

In this chapter, the background of the UWB antenna, the problem statements, 

the objectives to be achieved in this project, the scope of the project, and the outline 

of this thesis have been demonstrated and explained. 
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